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1.第一章 绪论。主要介绍微萃取方面的基础知识，包括 SPME 技术起源、
原理、涂层种类及制备技术，以及液相微萃取技术的发展和几种萃取模式。 
2. 第二章 聚吡咯/石墨烯(Ppy/G)复合 SPME 涂层的制备、表征及其应用。
以不锈钢丝为基底，采用恒电位电沉积法以聚吡咯、石墨烯为原料制备了聚吡咯
涂层以及 Ppy/GO 和 Ppy/G 新型 SPME 涂层。然后以酚类化合物为目标物，主要
对萃取效果较好的 Ppy/G 涂层的萃取能力、热稳定性、耐溶剂性、机械性能稳定
性和使用寿命进行了详细的研究并与商品化的涂层进行性能对比。详细讨论了影
响 SPME 萃取效率和 GC 分离效率的各项条件，建立了实际水样中酚类化合物的
SPME-GC 分析方法。 
3. 第三章 Ppy/GO 和 Ppy/G 涂层纤维性能的比较。以拟除虫菊酯为目标物，
对制备的 Ppy/GO 和 Ppy/G 两种涂层的萃取能力、热稳定性、耐溶剂性、机械性
能稳定性和使用寿命进行了对比并与商品化的涂层进行性能对比。详细研究了影











































Microextraction has become an important pre-treatment technology in analysis of 
environmental samples. The solid-phase microextraction (SPME) and liquid-phase 
microextraction (LPM) are generally applied in the sample pre-treatment. Some 
drawbacks of current SPME coatings include fragility of fiber support, insufficient 
organic solvent and thermal stability, low extraction efficiency (especially for polar 
and ionic compounds) and selectivity. To overcome these drawbacks, we have 
developed several new SPME coatings by electrochemically polymerizing pyrrole, 
graphene oxide (GO) or grapheme (G) on a stainless steel wire. These SPME coatings 
were applied for the effective extraction of organic pollutants in real samples. In 
addition, a new method for extracting bisphenol A (BPA) in heat-sensitive printing 
papers with no solvent and enrichment with n-octanol by single-drop microextraction 
was proposed. The effects of extraction parameters were investigated and optimized. 
This method was successfully applied to the quantitative determination of 
heat-sensitive printed papers. 
There are five chapters in this disseration. 
1 In the first chapter, microextraction technique, including the origin, development, 
theories, coatings and applications of SPME was systematically introduced. The 
development and kinds of extraction were also introduced.  
2 In the second chapter, a polypyrrole (Ppy)/graphene (G) composite was 
synthesized and applied as a novel coating for solid-phase microextraction 
(SPME). The Ppy/G coated fiber was prepared by electrochemically polymerizing 
pyrrole and G on a stainless steel wire. The Ppy/G coated fiber for five phenols 
presented the highest extraction efficiency comparing to fibers coated Ppy or 
Ppy/graphene oxide (GO) using the same method, and better than or comparable 
to the various commercial fibers. The effects of extraction parameters were 
investigated and optimized. Coupled to gas chromatography with a flame 
thermionic detector, the optimized SPME method was applied to the analysis of 















3 In the third chapter, the properties of Ppy/GO and Ppy/G coated fiber were 
compared. These two coatings exhibited several good properties for SPME, such 
as high extraction quantities and enhanced thermal and organic solvent stability 
compared with commercial fibers. While using pyrethroids as targets, the effects 
of extraction parameters were investigated and optimized. Coupled to gas 
chromatography with electron capture detector, the optimized SPME methods of 
Ppy/GO and Ppy/G coated fiber were developed and compared. The two methods 
were applied to the analysis of pyrethroids in water samples, respectively. 
4 In the fourth chapter, n-octanol was used as a solvent for liquid-phase 
microextraction. A new method was developed for extracting the bisphenol A in 
heat-sensitive printing papers with no solvent. The BPA was enriched with 
n-octanol by single-drop microextraction and detected by HPLC with SPD 
detector. The effects of extraction parameters such as the size of drop, stirring rate, 
extraction temperature, extraction time, salt concentration and pH of the solution 
were investigated and optimized. The optimized method was successfully applied 
to the analysis of BPA in seven popular heat-sensitive printed papers. 
5 In the fifth chapter, the study results were summarized and the future prospect of 
microextraction was presented. 





































萃取、微固相萃取(Micro-solid phase extraction，μ-SPE)、液相微萃取(Liquid-phase 
microextraction，LPME)等。 
1. 2 固相微萃取技术(SPME)概述 
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